Background. Management of occult primary breast cancer (OPBC), including the role of magnetic resonance imaging (MRI), is controversial. We conducted a pooled analysis of OPBC patients and a meta-analysis of MRI accuracy in OPBC in order to elucidate current practices. Methods. A literature search yielded 201 studies. Patientlevel data for clinically/mammographically OPBC from studies published after 1993 and from our institution were pooled; logistic regression examined associations between patient/study data and outcomes, including treatments and recurrence. We report adjusted odds ratios (OR) and 95 % confidence intervals (95 % CI) significant at 2-tailed p \ 0.05. Meta-analysis included data for patients who received MRIs for workup of clinically/mammographically OPBC. We report pooled sensitivity and specificity with 95 % CIs. In the MRI-accuracy meta-analysis (10 studies, n = 262), pooled sensitivity and specificity were 96 % (95 % CI = 91-98 %) and 63 % (95 % CI = 42-81 %), respectively. Conclusions. OPBC management varied geographically and over time. We recommend establishing an international OPBC patient registry to facilitate longitudinal study and develop global treatment standards.
ABSTRACT
Background. Management of occult primary breast cancer (OPBC), including the role of magnetic resonance imaging (MRI), is controversial. We conducted a pooled analysis of OPBC patients and a meta-analysis of MRI accuracy in OPBC in order to elucidate current practices. Methods. A literature search yielded 201 studies. Patientlevel data for clinically/mammographically OPBC from studies published after 1993 and from our institution were pooled; logistic regression examined associations between patient/study data and outcomes, including treatments and recurrence. We report adjusted odds ratios (OR) and 95 % confidence intervals (95 % CI) significant at 2-tailed p \ 0.05. Meta-analysis included data for patients who received MRIs for workup of clinically/mammographically OPBC. We report pooled sensitivity and specificity with 95 % CIs. [38.5 %] ; p = 0.0414). In the MRI-accuracy meta-analysis (10 studies, n = 262), pooled sensitivity and specificity were 96 % (95 % CI = 91-98 %) and 63 % (95 % CI = 42-81 %), respectively. Conclusions. OPBC management varied geographically and over time. We recommend establishing an international OPBC patient registry to facilitate longitudinal study and develop global treatment standards.
Management of occult primary breast cancer (OPBC), which first presents through regional or distant disease and without clinical or radiographic evidence of disease in the breast, has been a subject of controversy since initially described by Halsted in 1907 . 1 Most OPBC cases involve presentation with axillary lymphadenopathy and are estimated to represent\1 % of all breast cancers. [2] [3] [4] [5] [6] [7] The rarity of OPBC has made it difficult to develop evidence-based diagnostic and treatment standards. The first article examining the potential role of magnetic resonance imaging (MRI) in the diagnosis and management of clinically and mammographically OPBC was published in 1994, 8 and since then, breast MRI has been increasingly incorporated into the diagnostic and surveillance practices of many breast oncologists. However, financial, technical, and personnel limitations have precluded the widespread adoption of breast MRI. 9 In the wake of disparate but increasing use of breast MRI, we sought to explore how diagnosis and management of OPBC differs internationally and has changed over time.
Here, we report the results of a pooled analysis of OPBC patients and a meta-analysis of MRI accuracy in OPBC. Although systematic reviews on breast MRI use in OPBC diagnosis 10 and on management of axillary nodal metastases from carcinoma of unknown primary (CUP) 11 were recently published, ours is the first study to examine international and temporal trends in the management of and outcomes in OPBC using pooled patient-level data and the first to provide a meta-analysis of breast MRI accuracy in diagnosing clinically and mammographically OPBC.
METHODS

Data Collection
A medical librarian developed search strategies (see Appendix) for English-language studies published through July 2012 in these databases: Medline/PubMed, EMBASE, Scopus, ClinicalTrials.gov, the Cochrane Database of Systematic Reviews, the Cochrane Central Register of Controlled Trials, and the Health Economic Evaluations Database. We used a combination of standard index terms and plain language to cover the concept of OPBC as comprehensively as possible.
Study Selection
For the pooled analysis, we limited study inclusion to OPBC case series and case reports that were published in or after 1994-when the first article examining the potential role of MRI in the diagnosis and management of OPBC was published 8 -and that provided patient-level data specifying treatment for female patients without a previous history of breast cancer who were diagnosed with clinically (on exam) and radiographically (mammogram and/or ultrasound) OPBC. We also conducted a retrospective review of all breast-cancer patients at our institution diagnosed with clinically and radiographically OPBC between March 1999 and September 2010 for inclusion in the pooled analysis. This review was approved by the institutional review board at our medical center. Publications without patient-level data and conference abstracts were excluded.
For the MRI-accuracy meta-analysis, we included observational studies and case series that (1) reported the number of female patients with clinically and mammographically OPBC who received MRIs as part of their workup, (2) explicitly stated the results of these patients' MRIs, and (3) noted whether these results were confirmed by pathology, subsequent imaging, and/or disease progression. Patients in the meta-analysis were allowed to have a previous history of breast cancer and either axillary lymphadenopathy or distant metastases at the time the MRI was performed but could not have any clinical or radiographic evidence of intramammary cancer. Publication bias was assessed using linear regression of log odds ratios on inverse root of effective sample sizes as a test for funnel plot asymmetry in diagnostic meta-analyses; a nonzero slope coefficient would be suggestive of significant smallstudy bias, with 2-tailed p \ 0.10 considered significant. 12 
Data Extraction
Data were independently abstracted and verified by 2 coders. Patient-level demographic information (country of origin and age) and clinical information (mode of breastcancer detection, treatments received, mortality, and recurrence: locoregional and distant/metastatic) were extracted for patients in the OPBC pooled analysis. 13 ), radiographic modality of cancer detection, and treatments received (surgical, systemic, radiation, and/or endocrine/receptor-targeted)-were initially examined using Chi-square tests. Multivariate logistic regression models were constructed to examine associations between clinical characteristics and binary measures of each outcome: type of treatment and recurrence. We report proportions and adjusted odds ratios (OR) with 95 % confidence intervals (95 % CI) significant at 2-tailed p \ 0.05. Chi-square tests and regression analyses were conducted using SAS 9.2 (SAS Institute Inc., Cary, NC).
For the MRI accuracy meta-analysis, reported MRI results for each study were examined and rates of TP, TN, FP, and FN results were determined using patient-level data; the term ''positive'' was defined as the identification of a presumptively malignant tumor on a radiographic examination, while ''negative'' was defined as not identifying a cancer on imaging. Bivariate random-effects metaanalyses were conducted to calculate pooled sensitivity (i.e., TPs/[TPs ? FNs]), pooled specificity (i.e., TNs/ [TNs ? FPs]), pooled positive likelihood ratio (LR?, i.e., sensitivity/[1-specificity], which is the ratio of the TP rate to the FP rate), pooled negative likelihood ratio (LR-, i.e., [1-sensitivity]/specificity, which is the ratio of FN rate to the TN rate), and pooled diagnostic odds ratio (DOR; i.e., LR? / LR-), all of which we report with 95 % CIs. In addition, sensitivity analyses were conducted to address MRI results for which a confirmation of accuracy was not reported; accordingly, for each pooled accuracy measure, we report 3 point estimates: 1 in which only confirmed results are included, 1 in which unconfirmed findings are included and presumed to be true (best-case scenario), and 1 in which unconfirmed findings are included but presumed to be false (worst-case scenario). Meta-analyses were conducted in STATA 12 (Stata, College Station, TX).
RESULTS
Study Selection
The initial search yielded 201 unique reports. Abstracts for all 201 reports were screened, and of these, 70 reports-which either had primary data on patients with OPBC or were reviews of OPBC, breast MRI, and/or CUP-had their bibliographies reviewed and were read in full to assess for inclusion in either the pooled analysis of OPBC patients or in the MRI meta-analysis.
A total of 15 studies [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] (all case series and case reports, n = 85) were selected for the pooled analysis (Table 1) , and we found no significant publication bias (p = 0.356). We also included 7 patients from our institutional review who met criteria, 29 for a total of 92 patients. Also, 11 studies 5,18,30-37 met eligibility criteria for the MRI-accuracy meta-analysis, but 1 was excluded because it included no negative MRIs, which precluded the calculation of accuracy measures; 38 of the remaining 10 studies (all observational studies and case series, n = 262), 1 18 was only included in the best-case (all unconfirmed results are presumed to be true) and worst-case (all unconfirmed results are presumed to be false) sensitivity analyses because neither of the reported negative MRIs was confirmed. Accordingly, 10 studies were ultimately included in the best-case and worst-case sensitivity analyses of MRI accuracy, but the primary pooled estimates were derived from 9 studies (n = 250, Table 2 ).
Pooled Analysis of OPBC Patients
Mean and median age of included patients was 56 years (range, 28-88 years). Mean and median times to follow-up were 49 and 42 months, respectively (range, 4-310 months). All 92 patients presented with unilateral axillary lymphadenopathy. There were 43 patients (46.7 %) who received no breast surgery. For 4 patients who underwent breast conservation therapy (BCT; i.e., lumpectomy and radiation therapy [XRT]), the authors did not specify whether or to what extent an axillary operation was performed. Also, 80 patients (87.0 %) underwent an axillary lymph node dissection (ALND), either as the only operation (n = 35) or in conjunction with either modified radical mastectomy (MRM; n = 33) or lumpectomy (n = 12). There were 5 patients who received axillary biopsies but not complete dissections, and none of these 5 patients underwent breast surgery. There were 3 patients who received no breast or axillary surgery of any kind; 2 of these 3 patients received radiation therapy, and all 3 received chemotherapy. Of the 92 patients, 62 (67.4 %) received chemotherapy, and 27 (29.3 %) received hormone therapy. Also, 54 (58.7 %) received XRT, 12 in conjunction with lumpectomy. There were 4 instances of locoregional recurrence and 16 instances of distant/metastatic recurrence in 19 patients (1 patient had both locoregional and distant/metastatic recurrence). Of the 92 patients, 10 (10.9 %) in the pooled analysis ultimately died, all of them of advanced breast cancer.
In Chi-square tests, a smaller proportion of patients from the United States (17 of In multivariate logistic regression (Table 3) , patients receiving XRT were less likely to receive breast surgery; similarly, patients receiving breast surgery were less likely to receive XRT. Patients from Asia were more likely to receive breast surgery and less likely to receive chemotherapy, but patients from the United States were more likely to receive chemotherapy. Patients from studies published in 2004 or later were more likely to receive XRT. Among the 61 patients for whom recurrence information was provided, patients who received chemotherapy were more likely to experience a distant recurrence.
Meta-Analysis of MRI Accuracy
Of the 262 patients in the 10 included studies, 220 patients had an MRI study with a confirmed result. Pooled accuracy estimates (Fig. 1) as well as best-case and worstcase sensitivity analyses are reported in Table 4 . Pooled sensitivity was 96 % but as low as 89 % when all unconfirmed positive MRIs were assumed to be FPs; pooled MRI specificity was 63 % but as low as 55 % when all unconfirmed negative MRIs were assumed to be FNs. Pooled LR? was 2.6, and pooled LR-was 0.06. DOR was 41, indicating that breast MRI has a high, prevalenceindependent level of diagnostic accuracy with regard to OPBC.
DISCUSSION
Our review confirms previous findings 3,4,11,24,39-44 of significant heterogeneity in the management of OPBC. Historically, OPBC presenting with axillary lymphadenopathy has been thought to have a similar natural history and biological profile (e.g., histology, receptor status) to non-occult node-positive breast cancers. 11, 44 Thus, one would expect OPBC treatment to focus on local control of axillary disease, and this approach was largely but not completely observed among the patients in the studies we reviewed, the vast majority of whom underwent ALND. The 5-year survival rate for non-occult node-positive breast cancer is *84 %, 45 but in our pooled analysis, nearly 90 % of patients were alive at follow-up. Furthermore, most published case series of OPBC patients have demonstrated outcomes superior to those of non-occult, node-positive patients.
3,4,6,20-22,28,46-48 Indeed, in our institutional experience, all 7 OPBC patients were alive with no evidence of disease after a median follow-up of 86 months. 29 Thus, it appears that OPBC patients, on the whole, may actually have a better prognosis than non-occult node-positive breast-cancer patients, and this difference in outcomes may be related to the paucity or absence of macroscopic intramammary disease in OPBC patients. Thus, the extent to which OPBC warrants breast surgery is unclear. Studies have reported occult-tumor rates of 45-82 % in OPBC mastectomy specimens. 3, 39, 44, 46 The authors of 1 review recommended mastectomies for all patients with OPBC, 11 while others maintain that mastectomy is unwarranted 24 or advocate localized radiation therapy as a primary method of OPBC treatment. 39, 43, 49 In our pooled analysis, we found that patients in Asia were more likely to receive mastectomy, a finding in line with other studies demonstrating increased rates of mastectomy over BCT among both Asian-American breast-cancer patients treated in the United States and among breastcancer patients in Asia. [50] [51] [52] [53] Possible reasons for this trend include higher instances of clinical contraindications to lumpectomy, including high tumor-size-to-breast-size ratios and increased rates of multicentricity and multifocality, as well as many Asian patients' reported reluctance to undergo XRT. 50 Furthermore, the geographic variation in our analysis may reflect not only resource limitations in different countries with regard to the quality and availability of chemotherapy, XRT, and breast MRI but also country-specific differences in patient prognosis for nodepositive breast cancer, local physician treatment practice patterns, and/or culturally informed perceptions of risk by patients. In trying to understand why OPBC patients in Asia were more likely to undergo mastectomy, both clinical and cultural contributions to medical decision making would need to be further explored.
In our pooled analysis and other studies, 5, 30, 32, 33, [54] [55] [56] MRI findings were significantly associated with the types of treatment patients received: OPBC patients with cancers putatively identified on MRI were more likely to receive lumpectomies, which have been estimated to have a pathological tumor yield of 95 %. 5 In contrast, patients with negative MRIs were more likely to receive MRMs and systemic therapy, both of which are associated with significant morbidity. A meta-analysis examining chemotherapeutic regimens for CUP, of which OPBC is a subset, found that no type of chemotherapy conferred a definitive survival benefit. 57 Given its equivocal effect on prognosis and increased use of receptor-targeted therapy, it is unclear what if any role chemotherapy should play in OPBC treatment.
In our analysis, there was a trend toward increased XRT use in OPBC treatment over time. By indicating a focus of disease, MRI diagnosis of OPBC enables the performance of BCT and, concomitantly, receipt of XRT. At least 1 Schorn et al. 37 1999 Germany Klinikum der Georg-AugustUniversität Göttingen
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MRIs magnetic resonance imaging a Number of participants whose breast MRIs were confirmed by pathology, subsequent imaging, disease progression, or disease response to treatment b Includes some patients with a previous history of breast cancer 39 Thus, MRI not only facilitates receipt of a less morbid and invasive procedure, but, by enabling lumpectomy and concomitant XRT, also potentially decreases the risk of locoregional recurrence. 58 In our meta-analysis of MRI accuracy in OPBC, we found MRI to be very sensitive, but not particularly specific, in line with accuracy estimates for other types of breast cancer. 56 The relatively low specificity of MRI means that many women will undergo additional procedures to follow up false-positive MRI findings. 13, 55, 59, 60 Furthermore, despite its high sensitivity, it is unclear whether increased use of MRI has changed the incidence of OPBC, with some studies reporting a decline 10 and others reporting no change. 42 As previously noted, it appears that OPBC patients presenting with axillary lymphadenopathy may actually have superior outcomes to non-occult node-positive patients, but a longitudinal study of a large cohort of OPBC patients would be needed to confirm this observation. Furthermore, approaches to treatment must be informed by increasing evidence of significant heterogeneity among OPBC patients, with a recent study reporting outcome differences between OPBC patients with different immunohistochemical profiles. 7 If, as some would argue, 61 CUP is an orphan disease within medicine, OPBC is certainly an orphan disease within breast oncology. As with other rare diseases, evidence-based approaches to OPBC diagnosis and treatment would benefit from initiation of a prospectively accrued international patient registry. The National Institutes of Health Office of Rare Diseases Research 62 and the Coordination of Rare Diseases at Sanford 63 both provide models for a registry that might facilitate the collection of data on OPBC patients. Provided through the American Society of Breast Surgeons (ASBS), the Mastery of Breast Surgery Program represents a potential platform for maintaining an information repository of OPBC patients' management and outcomes, in much the same way this is already being done for patients who have undergone nipple-sparing mastectomy. 64 Information from such a database ideally would be available to ASBS members in de-identified form, thereby facilitating selfreview of individual and institutional practices as well as the type of longitudinal research on OPBC needed to answer persistent questions about OPBC epidemiology, management, and post-treatment outcomes.
Our study had some limitations. The studies included in both our analyses were retrospective, raising the concern for selection bias. Furthermore, our pooled analysis was limited by what individual-level data could be gleaned from published reports. However, we have confidence in the thoroughness of our literature review, which was initiated by a clinical librarian and completed by 2 coders with expertise in meta-analysis. The geographic diversity of the studies included in both analyses further attests to the wide scope of our search despite its having been limited to English-language studies. Furthermore, because we worked with patient-level data in the pooled analysis, we were able to adjust for anticipated covariates through multivariate regression, thereby minimizing the influence of potential confounders on our outcomes. Our MRI meta-analysis included all of the relevant studies from a recent systematic review on breast MRI in OPBC diagnosis 10 as well as 3 additional studies, further illustrating the completeness of our literature review. Our study is the only meta-analysis of MRI accuracy in OPBC, and our findings are in keeping with published assessments of MRI accuracy in the diagnosis of non-occult breast cancer. 13, 55, 56, 65, 66 In conclusion, management of OPBC varied significantly with geographic location. It is unclear whether receipt of mastectomy, XRT, or chemotherapy provides long-term benefits. We recommend the use of breast MRI for patients who present with axillary lymphadenopathy but no evidence of an intramammary tumor on clinical exam, mammography, or ultrasound. MRI sensitivity for OPBC is high, and MRI findings may have an impact on the type of treatments patients with OPBC ultimately receive. However, we caution that OPBC incidence has not definitively decreased since the introduction of MRI, and CI confidence interval, LR? positive likelihood ratio, LR-negative likelihood ratio, DOR diagnostic odds ratio the relatively modest specificity of MRI all but ensures that many women will undergo unnecessary procedures based on false-positive results. Given the rarity of this condition, we recommend the establishment of an international OPBC patient registry to facilitate longitudinal study and eventual development of global treatment standards.
